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S’UMMARY

A method is prssented for the experimental deter-
mination of the effective length of a column for which
the end conditions are unknown by establishing the points
of zero curvature from readings of strain gages dis-
tributed along the length of the column. Tests M four
columns of diffsTent Gross sections indicated that the
proposed method gives satisfactory results even when
there .isconsiderable scatter in the strain-gage readings.

INTRODUCTION

A suitable method is needed for experimentally
“evaluatingthe effective length from column tests In

“ which the end conditions are”hnknown. One such method
“consists in establishi~ the deflection curve from meas-
yrehents of lateral deflect~ons and estimating from this
curve “the locations of the inflection points.– The prin-
cipal’”objectionto this tiethodis that-the determination

‘,of“inflectionpoints from an”experiznentally.established
“curve is”an inherently inaccurate procedure. A more
accurate method of establishing the inflection points
consists in measuring the curvature rather than the
deflection and establishing from such measurements the
points of zero curvature, which define the inflection
points. The present report shows how strain measurements
can be used to indicate curvature and thus to establish .
the effective column length. Four columns of different
cross sections were tested to provide an experiinental
check of the method.
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SYMBOLS

actual length of column, inches

effective length of’column, inches

strains at two points in “cross section

distance between points in cross section for
which strains c1 ‘d .<2 are taken, meas-
ured perpendicular to neutral axis, inches

radius of curvature, inches

METHOD OF MEASURING CURVATURE AND DETERMINING

EFFECTIVE COLUMN LENGTH .

If .itis assnimedthat sections remain plane after
beridingjthe curvature l/r of a column at a given cross
section is related to the difference in strain at two..
points on the particular cross section according to the
equation

This equation Indicates a convenient experimental method
for de.termlningcurvature from strain measurements taken
‘along the length of the column. The method consists In
“attaching a number of strain gages on opposite sides
of ths coluhn along its length ‘andrecording the dif-
ferences in strain on the two sides. It is then necessary
only to plot the curvature - or, if d“ is constant, the
strain difference c1 - C2 - against distance along the
len&h of’the.col~ and to determine the points of zero
curvature.

,

SPECIMENS AND TEST EQUIPMENT

“In order to check experimentally the practicabll$ty
of the strain-measurementmethod for determining effective
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length”;columns of’four &f ferent types of cross section
were tested. A rectangular bar was tested with stral”n

-.,.F gagesplaoed-.oppos~te each.o~her on .lxh6”-wider-sides. The..,..,., cross sections and the locatlons of the resistance-type
., wire strain gages for the Z-sectio,ncolumn, the skin-and-,,
~
.1

stiffener column, qnd the hat-atiiffen ed”panelcolumn.are
shown Zn figures 1, 2, and 3, respectively.

...
“i The.wire strain-gages were attached aiong the.length,.,.
,. of each column at small intervals. The approximate

distance d between strain gages at a particular cross
section, measured perpendicular to the neutral axis, was:

.
.

column
(i:.)

Bar 099
Z-section .8
Skin-and-stiffener 3.0
Hat-stiffened panel I .9 -

The over-all accuracy of the strain measurements was.
within 2 percent.

The specimens were tested flat-ended
testing machines having accuracies within
of 1 percent for the range of load used.
the Z-section column under load.

In hydraulic
three-quarters
Figure 4 shows

RESULTS AND DISCUSSION

The results of the tests are presented In two sets
of figures. The first set (figs. 5 to 8) shows the
curvature of the columns, as given by the differences in
strain for the gages at each cross section, plotted
against distance along the length of’the column for
several loads near the maximum load. The horizontal
lines represent zero strain difference. The second set
(figs. 9 to 12) shows the ratio of effective”ler@h to
aotual length, obtained from the flrsf set of’figures,
plotted against load.

“~cept for the Z-section column, the values plotted
in figures 5 to 8 represent the increase of curvature
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caused by loads in
near the maximum.
in the calculation

excess of a particular initial load
The use of a fairly high initial load
of strain differences had tie effect

of eliminatl.nga large part of the scatter in the test
data● It was believed that.this procedure would not
affect the accuracy of the results, because the strain
differences at the particular initial load were quite
small in comparison with the differences that were
recorded at loads near the maximum. For the Z-section
(fig. 6), however, a somewhat more satisfactory plot was
obtained when the strain increments were taken from zero
load, because large strain differences were recorded as
soon as loading was started.

A part of the scatter in the plot for the skin-and-
stiffener column ($ig. 7) results from the fact that.
slightly different murvaturas were measured on the right
and left sides of the column. Near the bottom of the
column, especially on the left side, some of the scatter
is thought to be due also .tolocal buckling of the skin.
All strain gages were placed on the stlffensr, but It is
probable that the effect of the buckles in the skin
carried over to some extent Into the st3.ffenerand influ-
enced the strain readings.

In the plot for the hat-stiffened panel (fig. 8)
the effects of any possible differences incurvature
between the two stiffeners to which strain gages were
attached were eliminated by using averages of the corre-
sponding gage readings on the two stiffeners.

Figures 5 to 8 e~tablish the effective lengths for
several loads below the maximum. In order to extrapolate
from these values to the maximum load, the ratio of
effective length to actual length is plotted against load
in figures 9 to 12. In the extrapolation, greater weight
was given to the values obtained at the higher loads.
This procedure seemed Justified because the absolute
scatter in the curvature plots was approximately the
same for all loads and thus relatively less important
in comparison with the greater curvatures that existed
,athigher loads. Theoretical considerations, moreover,
lead to the conclusion that the shape ,ofthe ezastic

‘curve for maximum load is more and more accurately
approximated as the maximum load is approached, and the
effective length thus approaches a definite value.
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It will be noted that, for all exoept the Z-sectIon

Q .. -,.,,golyx!n, a reasonable extrapolation to msximum load was
accomplfsJ?i6d”by”dr”&wfriga,hortzontal~line through-tha..-.
test points. This fact is of parti.culaz?interest in the.. case of the skin-and-sti~fener.column (figs. 7 ati.11)~.,“
for which quite consistent results were obtained even

~ though considerable scatter was evtdent in the curvature
i’ plot. For the ZXs9ction column (fig. 10), the extra-
:. p,olatlonwas accomplished by drawing a curve throughi

the points for high-loads in such a manner that the; tangent to the curve was horizontal at the maximum load.

Because of the presence of ineffective widths of
skin, it was impossible to check the loads obtained frczn
the skin-and-stiffener column and the hat-stiffened panel
against the values given by the Euler column formula.
“Sucha check was made for the other two columns. however,
and the results are given in the following table:

.,
c

Experimental Euler load

column
maximum load based on experf-

(lb) mental Le
(lb)

Bar 5:,00: 47,800
Z-section I s 2,930,

The calculated values of l?ulerload, based on the experi-
mentally determined effective length, are within 5 percent
of the test values.

LIMITATIONS OF THE METHOD

The method presented for the determination of effec-
tive column length from strain measurements is not
applicable in all cases. If there is local buckling of
the column, the strain measurements will be adversely
affected. Whether the results are completely invalidated
will depend on the extent to which the local buckling
takes place at the points where theistrain gages are
located. In the tests of the skin-and-stiffener col~
reported herein the local buckling did not carry over
into the sides of the stiffener, where the strain gages
were located, in a sufficient degree to invalidate

—-
.
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completely the results obtained but the effects of the .

buckllng were,evident in the strain measurements.

Another limitation Is Imposed by the size o’fthe
column being “tested. It Is evident that the accuracy of
the results depends to some extent on the distance d
between strain gages. If the”column cross section is
such that this distance must be small, the accuracy of
the results wI1l be impatred, especially If there IS a
variation In strain across the width of the strain gages.

CONCLUDING REMARKS

The test data presented Indicate that the proposed
strain-measurement method for the experimental deter- .
mlnation of the effective length of a column for which
the end conditions are unknown gives satisfactory results
even when there is conslderabl,escatter In the strain-
gage readings.

Langley blemorlalAeronautical Laboratory
National Advisory Committee for Aeronautics

Langley l?ie~d,Va.
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